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EXTENDED-RELEASE SOLID ORAL DOSAGE FORMS 
OF DRUGS HAVING LOW SOLUBILITY IN WATER 

n OF TNVKNTTON 

The present invention is related to pharmaceutical extended release compositions 
for oral administration containing a drug having low solubility in aqueous media. 



RArKGROUND 

Pharmaceuticals with low solubility in water cause formulation problems due to 
their poor rate and extent of dissolution in aqueous media (including 
10 gastrointestinal fluids), which results in low absorption into systemic circulation 
after oral ingestion. 

Examples of drugs with low solubility in water are some substituted 
dihydropyridine compounds, such as nifedipine, felodipine, nimodipine, 
15 isradipme, nitrendipine, nicardipine, niludipine, nisoldipine, and amlodipine. 
These compounds are classified as calciimi antagonists, which are widely used 
for the treatment of cardiovascular disorders such as hypertension. 

In order to make a composition containing such a drug that will enable maximum 
20 absorption from the gastro-intestinal tract, it is necessary to incorporate in the 
composition a feature that increases the solubiljty of the drug to enable it to 
dissolve in the gastrointestinal fluids. 

Several ways to increase the solubility have been described in prior literature. 
25 One way is described in U.S. patent 4673564, wherein nicardipine is used in its 
amorphous form m order to obtain increased dissolution and absorption. British 
patent 1456618 discloses improving the dissolution and absorption of 
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nifedipine by preparation bif a soli^ solution of nifedipine in polyethy lene glycol 
in the presence of a surface active agent. 

U.S. patent 4412986 discloses improving the dissolution and absorption of 
5 nifedipine by preparing a co-precipitate with a water-soluble polymer. 

A feature that increases the solubility of a drug and thereby increases the extent 
of absorption will generally also increase the rate of absorption of the drug. If 
a drug is absorbed rapidly, and particularly if it is also eliminated rapidly, it 
10 becomes necessary to administer the drug frequently (i.e. several times per day) 
in order to maintain uniform blood levels. This is an undesirable situation, as 
frequent dosing is inconvenient for the patient and may lead to noncompliance 
by the patient. 

15 To overcome this problem, it is necessary to include in the composition, in 
addition to a first feature to increase solubility of the drug, a second feature to 
slow down and control the rate at which the drug is released from the 
composition and made available for dissolution and absorption. A composition 
with such a feature is referred to in the trade as "extended release" or "controlled 

20 release". 

The prior literature discloses numerous ways to make extended release 
compositions which slow-down and control the rate of dissolution and absorption 
of a drug. Such formulations usually include a substance such as a wax, fatty 
25 material, or polymer which causes the composition (usually in the form of a 
tablet) to erode or dissolve slowly in gastrointestinal fluids thereby slowly 
releasing the drug contained in the composition. 
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Especially preferred substances tp j^low-down the dissolution are hydrophillic 
gel-forming polymers (usually water-soluble cellulose derivatives). When a 
composition containing sufficient quantity of such a polymer is ingested and 
comes into contact with the gastrointestinal fluids, the hydrophillic gel-forming 
5 polymer nearest the surface of the composition hydrates to form a viscous gel 
layer around the surface of the solid mass. Because of the high viscosity, the 
viscous layer dissolves away only gradually, exposing the material below to the 
same process. The mass thus dissolves away only slowly, thereby slowly 
releasing the active ingredient into the gastrointestinal fluid. 

10 

In order to produce an extended release composition of a drug having very low 
solubility in water, it is necessary to have one feature as aforesaid to increase the 
solubility and a second feature as aforesaid to slow down and control the rate of 
dissolution. 

15 

The prior art also discloses numerous compositions which include a feature of 
each type to achieve extended release of a drug having low solubility in water. 

European patent application 0557-244-Al discloses compositions which contain 
20 nifedipine which has been micronized to small crystals to increase solubility, 
along with a hydrophillic gel-forming polymer to slow-down and control the rate 
of dissolution and absorption from the composition. A problem with the 
compositions disclosed in this patent is the smallest size to which nifedipine can 
be micronized using conventional equipment is about 1 micron, and this particle 
25 size is still not small enough to enable full dissolution and absorption of the 
nifedipine. Moreover, unless the crystal size is carefully controlled to be the 
same in every batch of tablets, release characteristics may vary from batch to 
batch. 
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U.S. patent 4765989 discloses extemled release fonnulations of nifedipine in the 
form of an osmotic device, whichris relatively difficult and expensive to 
msuiufacture. 

5 Accordingly, it is the object of this invention to provide an extended release 
composition for oral administration of a drug having low solubility which can be 
manufactured by simple and inexpensive techniques, which does not require 
micronization of the drug. 

10 It is a further object to provide an extended release composition for oral 
administration of a drug having low solubility for which the dissolution and 
absorption characteristics of the compositions are not affected by the crystal form 
or the particle size distribution of the drug used to make the composition. 

15 DESCRIPTION OF THE INVENTION 

One feature of the invention is that the drug is solubilized by dispersing it in 
polyethylene glycol having mean molecular weight of at least 1000: Such 
polyethylene glycols are solids at normal room temperatures. 

20 

Such polyethylene glycols are sold, for example, under the tradename Carbowax 
by Union Carbide Corporation. Carbowax 1000 has an average molecular weight 
_ of about 1000 and a melting point of about 38**C, Carbowax 1450 has an average 
molecular weight of about 1450 and a melting point of about 56*C. Carbowax 
25 3350 has an average molecular weight of about 3350 and a melting point of about 
56*^0, and Carbowax 8000 has an average molecular weight of about 8000, and 
a melting point of about 61 **C. 
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The drug is dispersed ih the:^pdly^ikylcn^ glyt^^ 

glycol to a temperature above its melting point, adding the drug, blending the 
mixture so as to dissolve all or at least most of the drug in the molten 
polyethylene glycol, and cooling the mixture so that it is again solidified. 

5 ■ . . ^ 

It will be thus understood that the compositions and processes of the within 
invention are applicable to drugs that have low solubility in water but are 
adequately soluble in polyethylene glycols to enable the drug to be dissolved in 
the molten polyethylene glycol. 

10 

For drugs having only moderate solubility in polyethylene glycols, the amount 
dissolved can be increased by blending at higher teniperatures. For example, the 
drug nifedipine can be fully dissolved at concentrations as much as 1 gram of 
drug per gram of polyethylene glycol by blending at temperatures between 
15 lOO^Cand ISO^C. 

As the molten mass cools and solidifies, the solution may become supersaturated. 
'However, because of the high viscosity of the blend, the dmg, once dissolved at 
elevated tempei'atures, will generally remain well dispersed in the resolidified 
20 material. 

Because the dmg is dissolved in the process as aforesaid, the properties of the 
composition are independent of the crystal -form or particle size of the drug at the 
beginning of the process. Hence, any need to control the crystal form or particle 
25 size of thevdrug is eliminated. 

The amount of polyethylene glycol used will usually be at least equal to the 
amount of the drug by weight. Preferably the amount of polyethylene glycol 
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will be from 1.5'to 10 times th^ amount of the drug by weight, and most 
preferably from 2 to 5 times the amount of the drug by weight. 

After the molten niaterial has been cooled and has solidified, it is ground up into 
granules. The granules can then be mixed with other inactive ingredients and 
compressed into tablets. 

Although polyethylene glycol having an average molecular weight as low as 
1000 may be used, is as preferred to use polyethylene glycol with an average 
molecular weight of at least about 3350, because the higher melting point makes 
it easier to grind the resolidified product into granules. 

Another feature of the invention is that, in addition to containing the drug 
dispersed in polyethylene glycol having a mean molecular weight of at least 
1000, the composition also contains a hydrophillic gel-forming polymer, which 
serves to slow down and control the rate of dissolution in gastrointestinal fluids. 

As explained previously, the result of including a suitable hydrophillic gel- 
forming polymer in sufficient quantity is that, when the composition is ingested 
and comes into contact with the gastrointestinal fluids, the hydrophillic gel- 
forming polymer nearest the surface hydrates to form a viscous gel layer around 
the surface of the solid mass. Because of the high viscosity, the viscous layer 
dissolves away only gradually, exposing the material below to the same process. 
The mass thus dissolves away only slowly, thereby slowly releasing the active 
ingredient into the gastrointestinal fluids. 

Suitable hydrophillic gel-forming polymers include, but are not necessarily 
limited to, hydroxypropyl methylcellulose, hydroxypropyl cellulose. 
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methylcellulose, sodiuin .carbc^^ hydroxyethylcellulose, and 

polyethylene oxide. For any given polymer type, use of a material with higher 
average molecular weight provides higher viscosity in aqueous solution of any 
given concentration; hence use of a higher molecular weight generally enables 
5 use of a lesser quantity of polymer to accomplish the required retardation of 
dissolution. The polymers used will usually but not necessarily be those that give 
a viscosity of more than 100 cps in 2 percent aqueous solution. 

Preferred hydrophillic gel-forming polymers are selected from hydropropyl 
1 0 methylcellulose, hydroxypropyl cellulose and hydroxyethyl cellulose. Especially 
preferred is hydroxypropyl methylcellulose having 19-24% methoxyl substitution 
and 7-12% hydroxypropyl substitution, and having a number average molecular 
weight of at least 20,000. 

15 Such polymers include those sold by Pow Chemical Co. under the tradenames 
Methocel K4M, Methocel K15M and Methocel KIOOM. 

The hydrophillic gel-forming polymer may be incorporated into the composition 
in either of two ways; - , r \ 

One way is to blend eitherpart or all of the hydrophillic gel-forming polymer, 
along with the dmg, into the molten polyethylene glycol before it is solidified 
and ground into granules. 

25 The other way is to add part or all of the hydrophillic gel-forming polymer by 
mixing it with the solid dispersion of the drug in polyethylene glycol after it is 
solidified and ground into granules. 
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It will also be understood that the cipsfige forms according to the invention may 
contain other ingredients in addition to the active drug, polyethylene glycol, and 
the hydrophillic gel-forming polymer. 

5 For example, there may be included a lubricant necessary to avoid sticking of the 
material to the punches in the tabletting process. Suitable lubricants include but 
are not limited to stearic acid, magnesium stearate and other metal stearates. 

Further it will be understood that, as is the case with the hydrophillic gel-forming 
1 0 polymer, the lubricant and other inactives may be incorporated by blending these 
into the molten polyethylene glycol along with the drug. Alternatively, the 
lubricant and other ingredients may be mixed with the solid dispersion of drug 
in polyethylene glycol after it is solidified and ground into granules. 

15 

Dosage forms according to the present invention may take the form of tablets, 
which may be produced by compressing the final mix of granules and/or powders 
into tablets on tablet press. The tablets may be uncoated or may have a film- 
coating applied to their surfaces using any of a number of poly mer systems and 
20 processes well known in the art; , 

A film coating, if used, may be a coating that does not further delay release of the 
dmg from the tablet, or it may be an insoluble but permeable coating that further 
retards dissolution. 

25 

A film coating having no delaying action may consist, for example, of a film- 
former, plasticizer, and pigments. The film-former may consist of a water- 
soluble polymer such as low-viscosity hydroxypropyl methylcellulose; for 
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example Methdcfel E5 or El 5 (brafii names bf Dow Chemicals Ltd.). 

A film coating having delaying action may consist 6f water-insoluble but water- 
pemieable polymers. Preferred water insoluble polymers are derivatives of 
5 methacrylic acid, such as Eudragit RS or RL or L (brand names of Rohm Pharma 
GmbH). 

As aforesaid, the film coating may also contain excipients customary in film 
coating procedures, such as light-protecting pigments; for example iron oxides 
10 or titanium dioxide, and plasticizers. 

Alternatively, dosage forms according to the present inventions may take the 
form of capsules, which may be made by filling empty capsule shells either with 
granules of the solid dispersion or with a mix of granules of solid dispersion and 
15 other ingredients. 

Alternatively, dosage forms according to the present invention may take the form 
of capsules made by filling empty capsule shells with a dispersion of the drug 
and hydrophiHic gel-forming polymer in molten polyethylene glycol when it is 
20 still in molten form and allowing it to cool and solidify after the capsules are 
filled. 

The production of compositions within the scope of the invention will be further 
illustrated by the following examples, which are intended to be illustrative but 
25 not limiting of the scope of the invention. 
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Tablets were made using ingredients in the following proportions: 



5 



Carbowax 8000 



50. 



nifedipine 



20. 



stearic acid 



5. 



MethocelKlOOM 



15. 



90. 



10 



The Carbowax 8000 was melted and further heated while stirring to a 
temperature of 120**C. The nifedipine was added and the mixture was stirred 
until the nifedipine was folly dissolved. The stearic acid was added and mixing 
was continued until the stearic acid melted and was dissolved in the mixture. 



The melhocel KIOOM was then added and mixing continued for several minutes. 
The mixture was then poured into trays and allowed to cool and solidify. 

The solid was then removed from the trays and ground into granules. The 
20 granules were than made into tablets having a tablet weight of 90 mg each. 

Each tablet thus contained 20 mg of nifedipine. 

A film coating then was applied by spraying onto the tablets an aqueous solution 
25 containing Methocel E5 as polymer, Carbowax 3350 as plasticizer and iron oxide 
and titanium dioxide as pigments. 
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The rate of absorption of nifedipmi^ f^m these tablets was determined in a study 
in which tablets were ingested by human volunteers, and blood samples were 
drawn and tested. 

5 It was found that the time to peak blood levels for this formulation was about 3 
hours, (versus under 1 hour for an immediate release composition), so that this 
formulation is suitable for twice daily administration. 

10 EXAMPLE 2 

Tablets were made using ingredients in the following proportions: 



Carbowax 8000 - 97, 

15 nifedipine - 33. 

MethocelK10OM(Part 1) - 40. 

magnesium stearate - 0.6 

colloidal silicon dioxide - 0.4 

rMethoceIK100M(Part2) - 2^ 
20 . ■ ' ■ . ^- ■ . ' . . • : 250, 



The Carbowax 8000 was melted and further heated while stirring to a 
temperature of 120**C. The nifedipine was added and the mixture was stirred 
until the nifedipine was fully dissolved. 

25 

The Methocel KIOOM (part 1) was then added and mixing continued for several 
minutes. The mixture was then poured into trays and allowed to cool and 
solidify. 
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The solid was then removed from the trays and ground into granules. 

The granules were placed into a mixer, along with the magnesium stearate, 
colloidal silicon dioxide and Methocel KIOOM (part 2) and all these ingredients 
5 were mixed together. 

This mixture of granules and powders was then made into tablets having a weight 
of 250 mg each. Each tablet thus contained 33 mg of nifedpine. 

10 A film coating was then applied to the tablets using Eudragit L as polymer, 
triethyl citrate as plasticizer and iron oxide and titanium dioxide as pigments. 

The rate of absorption of nifedipine from these tablets was determined in a study 
in which tablets were ingested by human volunteers, and blood samples were 
15 drawn and tested. It was found that the time to peak blood levels for this 
formulation was about 12 hours, so that this formulation is suitable for one daily 
administration. 
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WHAT I/WE CLAIM IS 



1. A , solid pharmaceutical composition for oral administration which 
provides extended release of a drug having a solubility of less than 0. 1 per 
5 cent by w^eight in v^ater at 20 °C characterized in the following two ways: 

i) The drug is dissolved or dispersed in a polyethylene glycol having 
a mean molecular weight of at least 1000; 

1 Q ii) The composition also contains a hydrophillic gel- forming polymer. 

2. A composition as in claim 1 wherein the drug is a substituted 
dihydropyridine. 

15 3. A composition as in claim 2 wherein the drug is nifedipine. 

4. A composition according to any one of claims 1 to 3 when made by a 
process which includes melting the polyethylene glycol, blending the drug 
into the polyethylene glycol in the molten state, and cooling the molten 

20 material so as to render it solid. 

5. A composition according to claim 4 wherein the ratio of the weight of the 
polyethylene glycol to the weight of drug is at least sufficient so that at 
the temperature at which the dmg is blended into the polyethylene glycol, 

25 all or at least most of the drug dissolves in the polyethylene glycol. 
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6. A composition according to claim 4 or claim 5 wherein some or all of the 
hydrophillic gel^forming polymer is blended into the molten mass before 
it is cooled. 

5 7. A composition according to claim 4 or claim 5 wherein some or all of the 
hydrophillic gel-forming polymer is added after the molten mass is 
resolidified and ground into granules. 

8. A composition according to any one of claims 1 to 7 wherein the 
10 hydrophillic gel-forming polymer is a cellulose derivative. 

9. A composition according to claim 8 wherein the hydrophillic gel-forming 
polymer is a hydroxypropyl methyicellulose. 

15 10. A composition according to claiih 9 wherein the hydroxypropyl 
methyicellulose has a hydroxypropyl content of 4-12% by weight. 

11. A composition according to claim 10 wherein the hydroxypropyl 
methyicellulose has a methoxyl content of 19-24% by weight and a 

20 . . hydroxypropyl.contentqf 7-12% by wei^t. 

12. A composition according to any one of claims 1 to 10 in the form of a 
tablet: 
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